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Introduction
The indications for laparoscopic surgery for colorectal cancer resection have expanded in recent years as randomized clinical trials have confirmed its safety and feasibility (1) (2) (3) (4) . Laparoscopic low anterior resection (LAR), however, is a technically demanding procedure involving intracorporeal transection of the rectum through a trocar placed in the lower abdomen and the creation of an anastomosis using a double stapling technique (DST). If surgeons perform this procedure without adequate skill, this could result in serious postoperative complications, the most detrimental outcome being anastomotic leakage (AL). Although the risk factors for AL after open LAR have been reported (5) (6) (7) (8) (9) , the risk factors after laparoscopic LAR have yet to be well documented. Additionally, the impact of preventive approaches for AL, including the creation of diverting stoma (DS) and the insertion of anal tube, remain unknown. In this study, we first sought to clarify the risk factors associated with AL after laparoscopic LAR, which enabled us to identify patients who are at risk of developing AL. We then used this stratification to establish an efficient strategy to prevent AL in patients considered to be high risk.
Materials and Methods

Patients
We reviewed our prospectively collected database and electronic medical records and found a total of 296 consecutive cases who had undergone laparoscopic LAR with DST reconstruction in the Department of Colorectal Surgery, National Cancer Center Hospital East (Kashiwa, Japan) from July 2003 to April 2014. Cases of rectal resection with coloanal anastomosis or intersphincteric resection were not included in this study.
The indications for laparoscopic LAR are stage 0-III rectal cancers and, stage IV cases if primary rectal cancer resection is required. Perforation, stenosis with bowel distention, prior abdominal polysurgery, or any severe comorbidity are contraindications.
Written informed consent was obtained preoperatively from all patients. The protocol for the research project was approved by the ethics committee of the National Cancer Center Hospital East, and it conforms to the provisions of the Declaration of Helsinki in 1995 (as revised in Brazil in 2013).
Operative technique for laparoscopic LAR with DST reconstruction
The standard surgical procedure for laparoscopic LAR with DST reconstruction in our institution was performed as follows: After insertion of an initial port in the umbilicus, pneumoperitoneum was established with CO 2 insufflation at 10 mmHg. Five additional ports are inserted, and the operation was continued using a sixport technique. The ports were inserted on the right and left in the upper and lower abdominal quadrants and suprapubic area. Insertion of a port in the left lower quadrant was omitted at the surgeon's discretion. The abdominal cavity was explored with a 0 , 10-mm rigid laparoscope in all patients. After rectal mobilization and mesorectal division were completed, rectal transection was performed through a port placed in the suprapubic area or the right lower quadrant, as previously described (10) . We used ECHELON FLEX (Ethicon, Cincinnati, USA) or Tri-Staple (Covidien, Norwalk, USA) for linear staplers. The surgical specimens were removed through a small incision at the umbilicus or suprapubic port site. The anvil head was fixed at the end of the proximal colon, and anastomosis was subsequently completed intracorporeally with end-to-end DST using a circular stapling device, either CDH (Ethicon) or EEA (Covidien). Each surgeon determined whether a transanal tube would be inserted or DS created based on wellestablished risk factors for AL in open LAR (e.g. male sex, large tumor diameter, low tumor level, large amount of blood loss, and low level of anastomosis line) (11) . Cases regarded as high risk for AL were indicated for DS creation, but a transanal tube could be inserted to avoid DS creation. When residual feces were recognized in the oral colon, both transanal tube insertion and DS creation were performed. When a transanal tube was used, a 24-Fr Phycon (silicone) drain ® (Fuji Systems, Tokyo, Japan) was inserted through the anus, and its tip was placed orally 3-5 cm from the anastomosis. We fixed a transanal tube to the buttocks with a thread. The transanal tube was placed for gravity drainage and kept in place for 5 days after surgery.
Anastomotic leakage
In this study, we assessed symptomatic AL, which was defined as discharge of gas or feces from the drain or wound, discharge of pus per rectum, or rectovaginal fistula (10). All instances of clinically suspicious AL were ascertained by one or more of the following image examinations: (i) contrast enema radiography; (ii) contrast radiography through the drain; (iii) CT; or (iv) rectoscopy. When image examinations could not detect the dehiscence of anastomosis, the condition was diagnosed as intrapelvic abscess, not as AL.
Statistical analyses
JMP Pro version 10.0.2 software (SAS Institute, Cary, USA) was used to perform statistical analysis. For categorical data, results are presented as the number of cases evaluated, and for quantitative data, results are expressed as the median and interquartile range (IQR). Univariate analyses were performed using Fisher's exact test. Based on the results of univariate analyses, multivariate analysis was performed using logistic regression analysis using the forward stepwise method. A receiveroperating characteristic curve was used to obtain the optimal cut-off value of anal verge (AV) distance. All P-values were two tailed; P < 0.05 was considered statistically significant.
Results
Patient population
Patient, tumor, and treatment characteristics are detailed in Table 1 . The median age of the patients was 62 years (IQR, 56-69 years). Of the 296 patients, 186 (62.8%) were men and 110 (37.2%) were women. The median BMI was 22.6 (IQR, 20.4-24.4). Surgical procedures included 257 cases of LAR (86.8%) and 39 cases of very LAR (13.2%). The median AV distance was 8 cm (IQR, 7-9 cm). With regard to tumor depth and lymph node metastasis, 91 cases (30.7%) were T3 or T4, and 64 cases (21.6%) were lymph node positive. Seven cases were positive for distant metastasis and underwent LAR for the removal of symptoms derived from the primary lesion.
As for treatment characteristics, 290 patients had no neoadjuvant therapy, and six cases received neoadjuvant chemotherapy. None of the patients received neoadjuvant chemoradiotherapy (CRT). The median operative time and blood loss were 231 min (IQR, 195-287 min) and 42 mL (15-130 mL), respectively. A transanal tube was inserted in 67 cases, and a DS was created in 55 cases. In eight cases, both transanal tube insertion and DS creation were performed.
Anastomotic leakage
The overall incidence of AL was 8.1% (24/296). The relationship between each characteristic and incidence of AL is summarized in Table 2 . With regard to patient characteristics, the rate of AL was 12.4% (23/186) in male patients and 0.9% (1/110) in female patients, which reached a statistically significant difference (P = 0.0005). Age, BMI, and the presence of diabetes mellitus had no significant relationship with AL occurrence.
As for tumor characteristics, neither TNM factors nor tumor size were related to AL occurrence. According to the receiver-operating characteristic curve for AL occurrence, the optimal cut-off value of the AV distance was 7 cm. This cut-off value corresponded to a sensitivity of 62.5% and a specificity of 60.6%. The area under the receiver-operating characteristic curve was 0.562. In cases with an AV distance ≤7 cm, AL was observed in 14.4% (15/104), which was significantly more frequent than in cases with an AV distance >7 cm (4.7% [9/192] ), P = 0.0034).
With regard to treatment characteristics, AL occurred in 33.3% of cases who had undergone neoadjuvant chemotherapy, which was significantly more frequent than in cases who had not undergone neoadjuvant therapy (P = 0.0222). The other treatment characteristics had no relationship with the occurrence of AL. In the cases with transanal tube insertion, the rate of AL was 9.0% (6/67) compared with 7.9% (18/ 229) in the cases without insertion. AL was observed in 5.5% (3/55) of patients with DS and in 8.7% (21/241) of patients without DS.
Multivariate analysis was also performed, with the logistic regression analysis including sex, AV distance, and neoadjuvant therapy. The result demonstrated that sex and AV distance were independently associated with an elevated risk of AL occurrence; the odds ratio was 18.0 in men (P = 0.0053) and 3.8 in cases with an AV distance ≤7 cm (P = 0.0039).
Stratification of risk for AL occurrence
Based on the two risk factors-sex and AV distance-we stratified patients according to risk for AL occurrence (Table 3) . Specifically, cases positive for both factors were assigned to the high-risk group and the others to the low-risk group. AL occurred in 23.0% (14/61) patients in the high-risk group, which was significantly more frequent than in the low-risk group (4.3% [10/235]; odds ratio = 6.7, P < 0.0001). The effects of transanal tube insertion and DS creation on AL occurrence were analyzed separately after stratification according to risk (Table 4 ). In the high-risk group, DS creation significantly reduced incidence of AL (P = 0.0363); the rate of AL occurrence was 10.7% in patient in whom DS was created compared to 33.3% in patients without a DS. In contrast, transanal tube insertion had no effect on the occurrence of AL (P = 0.3399). The occurrence of AL in the low-risk group was neither influenced by transanal tube insertion nor DS creation (P = 0.7950 and 0.2443, respectively).
Discussion
In the current study, we present the results of clinical analyses regarding AL occurrence after laparoscopic LAR with DST reconstruction. We have shown that sex and AV distance are independent risk factors for AL and that cases can be assigned to high-risk or low-risk groups for AL based on these two factors. These results are invaluable because identifying the appropriate patient population can reduce the risk of AL occurrence after DS creation. Risk factors associated with AL after open LAR have already been well documented and include low anastomosis, male sex, smoking, and preoperative malnutrition (5-9). In contrast, the risk factors associated with AL in the field of laparoscopic surgery remain controversial. Rectal transection using the laparoscopic approach is a difficult technique that requires much skill; any mistakes during the procedure could directly lead to AL. Previous studies have proposed several potential risk factors for AL including male sex, transanal tube insertion, tumor location, operative time, tumor size, recompression before stapler firings, and BMI (12) (13) (14) (15) (16) . In this study, we identified two risk factors associated with AL occurrence: male sex and AV distance ≤7 cm. These findings are clinically valuable as they provide a quick and easy method of identifying the patients with the highest risk of AL after laparoscopic LAR. In the present study, AL occurred in 23.0% of the high-risk population, as stratified by our criteria. The significant difference in occurrence between the high-and low-risk groups indicates that these criteria may be the most efficient method to date in defining a sub-population prone to anastomotic dehiscence after LAR.
Attempts have been made to prevent AL occurrence after LAR. Unfortunately, the clinical significance of such strategies remains controversial (17) (18) (19) . One of the more common preventive measures is to create a DS. In a recent clinical trial involving more than 1000 patients, the findings demonstrated that a DS could not significantly suppress AL incidence, but a DS was able to mitigate the consequences of AL by reducing the need for urgent abdominal reoperation (20) . In this previous trial, contrast enema radiography was performed to confirm that AL did not occur in patients with DS. This enabled the detection of asymptomatic AL, which might not have been noted otherwise. Furthermore, open surgery accounted for over half of the cases in this earlier trial. This means that the trial did not necessarily demonstrate whether DS played a significant role in preventing clinically problematic AL after laparoscopic LAR with DST reconstruction. In contrast, in the present study, we found that DS did in fact help prevent the occurrence of AL in the high-risk population. Consequently, it will now be possible to reduce the occurrence of issues associated with DS creation such as surgery-related complications, deteriorating quality of life, additional operation of stoma closure, and medical expenses.
Since 2008, we have performed transanal tube insertion to drain watery stool and old blood from the anus and to decrease intraluminal pressure. This procedure was found to be effective in patients without a DS (11) . However, in our present analysis of consecutive patients who underwent laparoscopic LAR with DST reconstruction, we could not confirm the clinical significance of transanal tube insertion. This suggests that transanal tube insertion may be effective only in selected patients.
At present, we are deciding whether a DS should be created for those patients identified as a high-risk group based on our newly established standards following LAR laparoscopic surgery. For patients other than high-risk group, we make it a rule not to make DS but to insert transanal tube.
In Western countries, neoadjuvant CRT is a standard treatment for locally advanced rectal cancers (21, 22) . In Japan, however, neoadjuvant CRT is not a generally accepted treatment because its effectiveness has not been fully confirmed (23) . As such, no patients in our series received neoadjuvant CRT. In the future, it would be worthwhile to confirm whether DS creation would also be valuable in cases who have undergone neoadjuvant CRT. It is important to note the limitations of our study. Firstly, the results were based on the analysis of retrospective cases. Transanal tube insertion, which we first used in 2008, or DS creation was performed at the discretion of the surgeon once risk factors had been considered. As such, the results could have been affected by some biases. Ideally, the significance of these results should be validated prospectively. Secondly, we did not analyze other adverse effects supposedly derived from the creation of a DS. The effects of DS should be validated in consideration of these issues.
In conclusion, we identified the high-risk population for incidence of AL after LAR based on two factors, sex and AV distance. This stratification enabled appropriate recommendations regarding DS creation that effectively reduced the risk of AL. In this era in which laparoscopic surgery continues to rapidly spread in the field of rectal cancer treatment, this strategy could lead to a lower incidence of complications associated with laparoscopic LAR with DST reconstruction, thus enhancing the safe practice of this procedure.
